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Abstract- This paper proposes an Unequal Error Protection 
(UEP) method for H.264/AVC video frames based on motion 
energy, which is defined as the necessary energy for a block 
movement between two different frames. The importance of a 
macro block is determined on the basis of a threshold, which is 
estimated by its neighboring macroblocks. The importance of a 
frame is determined depending on the majority of macro blocks 
having high or low importance. This method provides better 
performance than other motion-based UEP methods, while sig­
nificantly reducing the number of stull· bits used for channel 
coding. 
Index Terms-H.264/AVC, motion energy, macroblock distor­
tion, unequal error protection. 
I. INTRODUCTION 
Unequal Error Protection (VEP) is a conventional method 
for protection of H.264/AVC video bitstreams applied in 
broadband wireless transmission systems. The main char­
acteristics of the video compression is finding the object's 
movement features from one frame to another one [IJ. This 
expresses the importance of the motion information of the 
compressed video bitstreams. As a result, VEP techniques 
applied for wireless video transmission systems are usually 
conducted on the basis of the motion activities to determine 
the importance of frames or slices. 
One of the most conventional methods to calculate motion 
activities of video frames is Mean Square Error (MSE), which 
is based on the luminance differences between two consecutive 
frames [2J. Similarly, Sum of Absolute Difference (SAD) 
is used to compute the luminance difference between two 
frames [3]. The threshold for separating frames in terms 
of their importance is determined by the average MSE or 
SAD of previous frames. Although UEP methods formed by 
these parameters provide good video performance, they do not 
have high accuracy since their calculations only consider the 
frames' luminance information. 
Alternatively, the importance of frames having mo­
tion information is done by Motion Vector Magnitude 
(MV _M AGN ITU DE), which evaluates the motion levels 
of Macroblocks (MB) [4]. Macroblocks with different levels 
are separated into different groups and are unequally protected 
by different channel code's rates. This increases accuracy in 
determining the importance of frames compared to MSE and 
SAD methods. In another work, estimation of macroblock 
distortion is proposed by calculating the differences of lu­
minance between the encoded and concealed versions of 
the macroblocks (MB_DISTORTION) [5J. Again, dif­
ferent thresholds are set to unequally protect macroblocks 
with different levels of importance. This method provides 
good video performance in expense of high complexity since 
it applies multiple thresholds. Another efficient method for 
evaluating the significance of macroblocks on the basis of 
their distortions over packet loss is proposed [6]. Flexible 
Macroblock Ordering (FMO) with explicit mode is utilized, 
which combines macroblocks having high or low importance 
into two different groups. In comparison with other FMO 
modes, explicit mode provides the best performance. However, 
this FMO mode inserts header information to video bitstreams, 
which consequently mitigates the channel efficiency of the 
transmission system. 
In a previous work, motion activity of a video frame is 
defined as the motion energy (ME) for all macroblocks moved 
between two consecutive frames (ME_SLICE_LEV) [7J. 
Since the amount of motion energy is proportional to mac­
roblock distortion, it is used to determine the importance 
of macroblocks inside a frame [7]. The importance of each 
MB is determined based on a threshold value, which is the 
average of MEs for whole MBs inside a frame. This provides 
a better video performance in comparison with other motion­
based and conventional VEP methods. Recently, an algorithm 
for implementing a multi-level VEP was proposed, which 
separates video frames into four different levels. This is also 
constructed by the motion energy concept [8J. The results 
obtained from simulations confirm better video performance, 
which was observed for video bitstreams with Bidirectional 
(B) and Predictive (P) frames. 
This paper extends the above-mentioned results to present 
an efficient UEP technique constructed by motion energy 
method (ME_FRAME_LEV). This is on the basis of the 
correlation concept existing between macroblocks. As neigh­
boring macroblocks are highly correlated to each other, deter­
mining their motion energies would provide a good estimation 
of macroblock importance. In this case, instead of considering 
whole macroblocks inside a frame, motion energy calculation 
is only limited to a few neighboring macroblocks. As a 
result, the newly proposed technique reduces the processing 
time in determining motion energy of macroblocks as well 
as improving the efficiency of the transmission channel. In 
addition, by using one slice per frame, this method improves 
the coding efficiency by reducing the number of bits utilized 
for slice headers compared to ME_SLICE_LEV method. 
Simulation results confirm a significant improvement in the 
proposed method, in comparison with other motion-based UEP 
methods. 
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Fig. 1. Motion vector of a sub-macroblock. 
The organization of this paper is as follows: Section II 
briefly explains the theory of motion energy and provides the 
threshold calculation algorithm. Section III gives simulation 
results of the proposed method. Section IV concludes the paper 
and suggests further works in this research. 
II. MACROBLOCK DISTORTION ESTIMATION BASED ON 
MOTION ENERGY FOR THE H.264/AVC VIDEO FRAMES 
In H.264/ AVC standard, a frame is processed as a set of non­
overlapping blocks with the size of 16 x 16, which are called 
macroblocks [9]. A macroblock can contain one or several 
sub-macroblocks with sizes of 4 x 4, 4 x 8, 8 x 4, 8 x 8, 
8 x 16, and 16 x 8. Inter-macroblocks are the macroblocks 
predicted by different reference frames. In inter-macroblocks, 
each sub-macroblock has a motion vector, which represents 
its displacement between two frames [1]. Figure 1 illustrates 
the motion vector of the sub-macroblock k in frame i, which 
is predicted by the sub-macroblock k' of the frame (i - 1). 
Conventionally, when motion information of a sub-macroblock 
is lost, the content of the decoded sub-macroblock is replaced 
by the concealed version. That is, a sub-macroblock with 
the same position in the previous frame [1]. To evaluate the 
importance of the lost motion vector, the difference between 
the predicted and concealed version of the sub-macroblock is 
determined. In Figure 1, the distance d between predicted and 
concealed versions of the sub-macroblock k equals its motion 
vector magnitude. Indeed, the difference between predicted 
and concealed sub-macroblocks is proportional to the motion 
vector magnitude [7]. 
It is recognized that not only are motion vector magnitudes 
important to decode the sub-macroblocks, sizes of different 
sub-macroblocks also influence the error concealment of sub­
macroblock [1]. A large sized sub-macroblock will result in 
high distortion when using the error concealment method in 
H.264/AVC. Hence, distortion of a sub-macroblock is propor­
tional to its size and motion vector magnitude. This represents 
the motion energy of the sub-macroblock k in frame i (M ED 
as follows: 
(1) 
where SBCLKk is an assigned value for the kth sub­
macroblock size. Table I describes the assigned values for 
SBLCK with different sub-macroblock sizes. MVk(OXk,OYk) 
is the motion vector magnitude of the sub-macroblock k, 
TABLE I 
ASSIGNED VALUES FOR SUB-MACROBLOCK SIZE IN MOTION ENERGY 
CALCULATION 
Sub-macroblock size (pel. x pel.) Assigned value (S B LC K) 
4x4 
4 x 8 or 8 x 4 
8x8 
8 x 16 or 16 x 8 
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Fig. 2. Determination of neighboring macroblocks in threshold estimation. 
which gives the pOSitIOn difference of a sub-macroblock in 
two consecutive frames shown in Figure 1. 
Motion energy of a macroblock is the total motion energies 
of all sub-macblocks existing in a macroblock. Since motion 
energy of a macroblock represents its distortion in occurrence 
of an error, it is used to evaluate the importance of mac­
roblocks. The estimation of motion energy for a macroblock 
can be determined by its neighbors' motion energies because 
of the high correlation between neighboring and the examined 
macroblocks [7][10]. It can be used as a threshold value 
for determining the importance of the relevant macroblock, 
which is calculated as the average motion energy of previous 
neighboring macroblocks I. Hence, the threshold value for 
macroblock k of the frame i (T HV is given as follows: 
M 
THk= � LMEI (2) 
1=1 
where M is the number of the previously encoded neighboring 
macroblocks. I is the position of the neighboring macroblock. 
Figure 2 shows the position of previous neighboring and 
the examined macroblocks. For the first macroblock of a 
frame, since there is no neighboring macroblock available for 
threshold calculation, its threshold is set as the motion energy 
of the first macroblock of the previous frame. This is because 
of macroblocks with the same position in two consecutive 
frames having high correlation [1]. 
In order to provide high protection for video bitstreams and 
optimize redundancies, UEP Forward Error Correcting (FEC) 
codes are applied at the frame level. Hence, it is necessary 
to propose a method for calculating the importance of frames, 
which are unequally protected by different code rates. First, the 
importance of different macroblocks in frame i are evaluated. 
Next, macroblocks are divided into two groups determined by 
a threshold value introduced in Equation 2. Then, the total 
motion energies of different groups in frame i are calculated, 
including motion energy of high importance (M Ek i ) and low 
'The orders of macroblocks in a frame are set row-by-row from left to 
right and top to bottom. 
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importance macroblocks (M Ela)' The frame i is determined 
as a high-importance one, when M Ek i > MEL and vice 
versa. If M Ek i � MEL 2, an additional step is applied. It 
is conducted by calculating the changing rate of total motion 
energy of high-importance or low-importance groups (D'X), 
which is given by: 
(3) 
where X represents for high or low-importance of different 
macroblocks. Then, the changing rate of the high importance 
group (Dk) is compared with the low-importance one (DU. 
If Dk ;::: Dt, the frame i has high importance and vice versa. 
In conclusion, an algorithm for determining the importance of 
frames is formed as follows: 
1) Calculate the motion energy of macroblock k of the 
frame i (MEl) 
2) Calculate the threshold value (T Hk) of macroblock k 
based on Equation 2. 
a) If M Ek ;::: T Hk, the kth MB is determined as the 
high-importance ME. 
b) If MEk < THk, MB has low importance. 
3) Repeat steps 1 and 2 for all macroblocks of the frame i. 
4) Calculate the total energies of high and low-importance 
groups (MEki and MEla) of the frame i. 
a) If M Eki > MEL, frame i is evaluated as high­
importance frame. 
b) If MEki < MEL, frame i is evaluated as the 
low-importance frame. 
c) If MEki � MEL, calculate the changing rate 
Dk and Di from Equation 3. 
i) If Dk ;::: Dt, frame i is the high-importance 
frame. Otherwise, it is the low-importance 
frame. 
5) Repeat steps 1 to 4 for other frames. 
III. SIMULATION RESULTS 
The performance of the newly proposed UEP method 
(M E_F RAM E_LEV) is verified and compared 
with other motion-based UEP methods including 
ME_SLICE_LEV, MSE, SAD, MV_MAGNITUDE 
and MB_DISTORTION. Different video sequences are 
encoded as I P P P. .. format with the rate of 30 frames per 
second. JM 18.0 Reference Software is applied in encoding 
and decoding of the H.264/ AVC video bitstream [11]. 
The protection for different frames is accomplished by 
product codes constituted by two cyclic Euclidean Geometry 
Low Density Parity Check (EG-LDPC) (63,37) codes with 
length L = 1369 [12]. Puncturing is conducted on the full­
rate product code, i.e. rate of 0.334 for protecting high­
importance frames, to unequally protect low-important frames 
of video bitstream with rate 0.43. Zero padding is applied 
2This condition is formed when the difference between MEs of groups is 
less than or equal to 10. 
3The code rate for low-importance frames is set at approximately 20% 
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Fig. 4. PSNR results of QCIF Carphone sequence (Eb/NO = 5.2 dB). 
on the Network Abstraction Layer (NAL) unit of a frame to 
construct blocks with the length required for the cyclic EG­
LDPC codes. Sum Product Algorithm (SPA), introduced as an 
efficient iterative method, is implemented for the decoding of 
cyclic EG codes [12]. Twenty (20) iterations are considered 
for each constituent cyclic EG decoder. For EEP technique, 
the code rate is set to the average rate of U E P 84. 
Various video sequences with different frame sizes and 
motion activities are considered in simulations. Three hundred 
frames of each video sequence are used in the loop of 200 
simulations in order to compute the average PSNR for different 
video sequences. Figures 3 and 4 show the performance of 
different protection methods in terms of the bit rate for QCIF 
Foreman and Carphone sequences. Results were obtained on 
the basis of Energy per Bit to Noise (Eb/No) value of 5.2 dB. 
4For whole simulations. this rate is set to 0.37. 
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Fig. 5. PSNR results of QCIF Foreman sequence (450 kbps). 
In both video sequences, ME_FRAME_LEV has the best 
performance. For the Foreman video sequence, it improves 
the video quality from 0.2 to 1.8 dB. ME_FRAME_LEV 
method reduces 11 % of stuff bits used for channel coding 
compared to the ME_SLICE_LEV method. This reduces 
the overall transmission time and complexity of decoding. 
In the Carphone video sequence, the M E_F RAM E_LEV 
method also provides the best PSNR. With a bit rate of 450 
kbps, it shows 0.3 dB to 1.7 dB better performance than others. 
The proposed method gives 0.3 dB better quality than the 
M E_SLICE_LEV method, while the number of the utilized 
stuff bits in channel encoding is reduced by 8.5%. 
Figure 5 shows the performance of the Foreman video 
sequence in terms of Eb/NO encoded with the bit rate of 
450 kbps. Again, the motion energy method shows the best 
performance. For Eb/NO ;::: 4.6 dB, it has 0.4 dB to 1.6 dB 
higher video quality than other methods. 
Table II shows the performance result of various video 
sequences with different Eb/ No. These sequences are different 
in the frame's size and motion activities. It is shown that 
M E_F RAM E_LEV outperforms other methods in all video 
sequences. 
Figure 6 illustrates performance of QCIF Carphone 
video sequence at Eb/NO 4.8 dB. Errors oc­
curred at the 86th frame encoded by ME_SLICE_LEV, 
MB_DISTORTION and MV_MAGNITUDE methods 
are successfully corrected by M E_F RAM E_LEV method. 
The same conclusion is achieved for the 73th frame of 
the Foreman video sequence, which is shown in Figure 7. 
Simulation results confirm that the proposed method extracts 
high importance frames better than other methods. 
IV. CONCLUSIONS AND FUTURE WORKS 
This paper proposed an efficient UEP method based on 
motion energy of different frames in the H.264/AVC video se­
quences. The importance of a frame is decided by the majority 
TABLE II 
PSNR RESULT OF DIFFERENT V IDEO SEQUENCES 
Eb/NO (dB) 4 4.5 5 5.5 6 
QCIF MEJRAME_LEV 33.49 34.81 35.79 36.46 36.61 
Akiyo ME_SLICE_LEV 33.01 34.41 35.34 35.95 36.18 
MV _MAGNITUDE 32.96 34.1 35.04 35.57 35.87 
EEP 32.1 33.12 33.84 34.65 34.99 
QCIF MEJRAME_LEV 33.99 35.56 36.32 36.79 36.97 
Carphone ME_SLICE_LEV 33.56 35.06 35.94 36.27 36.45 
MV _MAGNITUDE 33.17 34.68 35.53 36.08 36.22 
EEP 32.31 33.24 34.19 34.92 35.28 
CIF MEJRAME_LEV 33.23 35.07 35.78 36.41 36.64 
Stefan ME_SLICE_LEV 32.89 35.24 35.50 36.03 36.42 
MV _MAGNITUDE 32.21 34.96 35.01 35.47 36.05 
EEP 31.14 32.28 33.42 34.51 35.07 
CIF MEJRAME_LEV 33.69 34.89 36.08 36.62 36.93 
Hall ME_SLICE_LEV 33.13 34.57 35.56 36.03 36.31 
monitor MV _MAGNITUDE 33.03 34.23 35.14 35.88 36.l7 
EEP 31.98 32.85 33.87 34.74 35.14 
CIF MEJRAME_LEV 32.82 34.44 35.52 36.35 36.95 
Paris ME_SLICE_LEV 32.41 33.89 35.02 35.81 36.32 
MV _MAGNITUDE 32.03 33.18 33.99 34.65 35.02 
EEP 31.17 32.20 32.87 33.24 33.84 
of macroblocks having high or low importance on the basis 
of their motion energy. It outperforms other motion-based 
UEP methods and improves channel efficiency by reducing the 
number of redundancies used in channel encoding. In future, 
a multi-level UEP based on the proposed technique will be 
applied to improve the compressed video quality. 
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